Abstract. Uterine sarcomas are some of the most malignant and aggressive tumor types among the gynecologic malignancies, and they are associated with a high rate of recurrence and a poor prognosis. Due to their rarity and diversity, the optimal treatment for recurrent uterine sarcomas has not yet been elucidated. The aim of the present study was to investigate the potential of secondary cytoreductive surgery (SCS) for patients with recurrent uterine sarcomas. A total of 18 patients with recurrent uterine sarcomas were retrospectively identified at the
Introduction
Uterine sarcomas are relatively rare types of malignancies, comprising 1-3% of uterine malignancies (1) . There are numerous histological subtypes, and it is general consensus that the most common histological subtype is leiomyosarcoma (LMS), accounting for 60-70% of all cases, followed by endometrial stromal sarcoma (ESS), ~15-20% cases, worldwide (2) . However, in Japan, carcinosarcoma (CS) represents 46% of uterine sarcoma diagnoses, followed by LMS (36%) and then ESS (13%) (3) . Uterine sarcomas are some of the most malignant and aggressive tumors among the gynecologic malignancies, and often present with hematogenous metastasis in the early stages. Furthermore, they are basically refractory to treatments for relapsed tumors, such as chemotherapy and radiotherapy, resulting in a poor prognosis and a high recurrence rate. The recurrence rate has been reported to be 45-73% in LMS (4, 5) , 37% in ESS (6) and >50% in CS (7) . The median survival times of patients with ESS, LMS and CS have been reported to be 76, 31 and 28 months, respectively (3) . Hysterectomy with bilateral oophorectomy is often performed as the primary standard treatment for early-stage uterine sarcomas. Conversely, the management strategy for patients with recurrent uterine sarcomas has not been well established. The efficacy of resection for lung metastasis of uterine malignancies has been demonstrated in prior studies (8) (9) (10) (11) ; nevertheless, no consensus has been reached regarding the optimal treatment strategy at the time of relapse due to their rarity. The objective of the present study was to evaluate the efficacy of secondary cytoreductive surgery (SCS) for the treatment of recurrent uterine sarcomas.
Patients and methods

Patients.
A retrospective study was conducted at the Department of Obstetrics and Gynecology, Nagoya University (Nagoya, Follow-up. At the conclusion of the initial treatment, all patients underwent a strict follow-up regime, consisting of the Table I . Patients' characteristics. following clinical checkups: Pelvic examination, ultrasonographic scans, magnetic resonance imaging (MRI), periodic computed tomography (CT) and/or positron emission tomography (PET). Recurrence was defined as the presence of a relapsed tumor based on the results of CT and/or MRI and/or PET-CT and/or ultrasound.
Statistical analysis. Patient data were censored at the time of mortality or final contact due to causes other than uterine sarcoma or disease-associated complications. The distributions of clinicopathological events were evaluated using Fisher's exact test. Kaplan-Meier curves were generated from the survival data. All statistical analyses were performed with EZR version 1.32 (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria). Specifically, EZR is a modified version of the R commander designed to add statistical functions frequently used in biostatistics. A value of P<0.05 was considered to indicate a statistically significant difference.
Results
Patients' characteristics. Details of the patients' characteristics are listed in Analysis of treatment outcomes and recurrence. Table II lists the recurrence sites for 18 patients who experienced recurrent uterine sarcomas. In the SCS group, 5/9 patients had confined pelvic recurrences, 3 patients had extra-pelvic diseases, including pulmonary metastasis, and one patient had intra-and extra-pelvic recurrence. Conversely, of nine patients in the non-SCS group, 4 had confined pelvic recurrences, 2 had extra-pelvic diseases, including pulmonary metastasis, and 3 had intra-and extra-pelvic recurrence. The details of the SCS are presented in Table III . It is notable that 4 patients had a number of surgeries following SCS, the highest number being 8 further surgical procedures. Furthermore, no serious complications of the SCS were observed in the current study. As salvage therapy for 9 patients treated without SCS, 8 underwent subsequent chemotherapy and 1 patient was treated with radiotherapy.
The re-recurrence rate and PFI following SCS are presented in Table IV . Although the patient number was limited, relatively good disease control was observed in patients with LMS and CS. The 3-year OS rates were 77.8 and 11.1% in the SCS and non-SCS groups, respectively. As presented in Fig. 1 , patients who underwent SCS experienced a significantly longer OS than those who did not receive SCS (P=0.006). Additionally, the PFI post-SCS was significantly longer in the SCS group compared with that in the non-SCS group (P=0.0496; Fig. 2 ).
Discussion
Due to the rarity and heterogeneity of uterine sarcomas, optimal management strategies have not yet been established (12) . Furthermore, despite the application of appropriate primary therapy, uterine sarcomas often behave in an aggressive and malignant fashion with a high risk of recurrence and poor prognosis. The optimal treatment for recurrent uterine sarcomas remains unclear. These tumors are relatively chemoand/or radio-resistant, and certain studies have previously evaluated the effectiveness of SCS in patients with recurrent uterine sarcomas (11, 13, 14) .
In the present study, it was demonstrated that patients with recurrent uterine sarcomas who underwent the SCS had longer overall survival times and disease-free intervals following the initial relapse, when compared with those treated with chemotherapy or radiotherapy alone. SCS for patients who have pulmonary recurrent disease has been reported to lead to improved survival, particularly in those with unilateral disease, a smaller number of resected metastases (<3), a smaller tumor (<3 cm) and a longer DFI (<6, or 12 months) (8) (9) (10) . However, studies on SCS for extra-pulmonary recurrences of uterine sarcomas are limited, and have only small sample sizes (4, 11, (14) (15) (16) (17) . Leitao et al (14) reported that optimal surgical resection may improve the survival of patients with either pulmonary or extra-pulmonary metastases, after retrospectively surveying 41 patients with recurrent LMS (including 28 patients who had non-thoracic recurrences). Yoshinaga et al (17) concluded that patient survival was Table II . The site of recurrence in patients with or without SCS. improved by the resection of pulmonary or intrapelvic metastases of uterine sarcomas. Nevertheless, this report included only 8 patients, 3 of whom had extra-pulmonary recurrences. According to a review by Giuntoli et al (4) that analyzed 208 patients with recurrent LMS, SCS is associated with the improvement of disease-specific survival from the first relapse, unlike chemotherapy or radiotherapy. In the current study, 8/9 patients in the SCS group had extra-pulmonary metastases. Although 4 of these had multiple metastases (the number of metastases, 2-14), SCS may contribute to prolonged survival. Hoang et al (11) reported that single tumor recurrence was significantly correlated with a longer survival time, when compared with that of patients with >2 tumors. Based on the current examination, the resection of recurrent tumors may improve survival, even in patients with multiple extra-pulmonary diseases derived from uterine sarcomas. As aforementioned, the optimal indication regarding the number of metastases in candidate has yet to be clarified. However, in this study, no severe complications of multiple metastasectomy were observed. Therefore, SCS may be considered even for patients with multiple recurrences, if there are no other favorable alternatives and optimal resection is considered possible. In the current study, the re-recurrence rate was 67% (6/9) in patients treated with SCS, while all patients (9/9; 100%) treated without SCS experienced relapse. It may be considered that SCS is a superior management procedure to chemo-or radiotherapy for recurrent uterine sarcoma. Nevertheless, the limitations of the current study are those associated with any retrospective study: insufficient patient numbers, the possibility of selection bias and treatment heterogeneity. Thus, it is possible the results reflect the fact that patients with a favorable condition for SCS demonstrated a better oncologic outcome. The largest limitation of the present study was that only 18 patients with recurrent sarcoma were available. This small-scale patient cohort was based on the actual clinical situation that recurrent uterine sarcomas are rare. A large-scale additional study verifying the current findings is desirable, involving more patients from multiple institutions. Further limitations of the current report are those associated with any retrospective study. Indeed, the treatment protocol for uterine sarcomas, including the regimen of salvage chemotherapy, the number of courses, doses, criteria of surgery, diagnostic and surgical procedures were heterogeneous. In particular, the development of surgical devices and perioperative management is frequent and evident currently. Furthermore, the advancement of imaging modalities, including MRI, new-generation ultrasound and PET-CT, has contributed to surgical decisions. The possibilities that these factors may influence the treatment and disease outcomes of patients with recurrent uterine sarcomas must be considered. It is possible the current findings provide essential information on how to develop better treatments for this type of tumor.
SCS -----------------------------------------
In conclusion, the results of the current investigation support the consideration of SCS for patients with recurrent uterine sarcomas. Several reports have recently demonstrated that new-generation anticancer agents, including bevacizumab, pazopanib, eribulin and trabectedin, are effective for recurrent LMS (18) (19) (20) (21) . Comparison of SCS with these treatments could be useful. Irrespective of this, the rates of mortality and relapse remain high and further studies are required.
